U pper abdominal pain is a dominant feature of chronic pancreatitis (CP), and its treatment remains a major clinical challenge. 1 Analgesic medication is part of the initial treatment and often includes opioids in the absence of pathology suitable for endoscopic or surgical interventions. 2 However, opioid-based analgesia often only shows limited effectiveness in these patients and is frequently accompanied by undesirable side effects. 3 Basic studies of pancreatic nerves and experimental human pain research have provided evidence that pain processing is abnormal in patients with CP and in many patients resembles that seen in neuropathic pain disorders. 4 -7 Gabapentoids, including pregabalin, have effectively been used to treat various neuropathic pain disorders, including diabetic neuropathy, postherpetic neuralgia, and neuropathic pain of central origin. 8 -13 Based on the limited effectiveness of conventional opioid-based analgesic approaches to CP pain, and the finding that pancreatitis pain is accompanied by similar alterations of central pain processing as seen in neuropathic pain, we hypothesized that pregabalin could be effective as an adjuvant treatment to decrease pain associated with CP. The aims of this study were to evaluate the effects of pregabalin on pain relief, health status, and quality of life and to understand the tolerability in patients with CP.
Patients and Methods

Study Oversight
The study was an investigator-initiated, double-blind, placebo-controlled, parallel-group study of increasing doses of pregabalin conducted in The Netherlands and Denmark. Pfizer donated pregabalin and identical capsules containing placebo but was not involved in study design, accrual, or analyses of data. The study was approved by the responsible ethical committees and medical agencies in both countries, and all patients provided written informed consent. The study is registered with ClinicalTrials.gov (NCT 00755573). 
Abbreviations used in this paper
Patients
Inclusion criteria were a diagnosis of CP based on the Mayo Clinic diagnostic criteria and chronic abdominal pain typical for pancreatitis (ie, dull epigastric pain more than 3 days per week for at least 3 months). 14 Patients taking concomitant analgesic medication and expected to stay on a stable regimen during the trial were allowed to enter the study. Key exclusion criteria for patients were generalized painful conditions other than CP, pregnancy or lactation, active (or history of) major depression, moderate to severe renal impairment, an abnormal electrocardiogram at screening, and hypersensitivity to pregabalin or any of its components.
Randomization and Blinding
Patients meeting eligibility criteria were randomly assigned in a 1:1 ratio to receive either pregabalin or placebo. Randomization blocks had a size of 6 and were computer generated by a pseudo-random code. Trial participants were stratified according to absence or presence of diabetes mellitus; no other actions were taken to match the groups. Pfizer donated pregabalin and identical capsules containing placebo. Patients and those administrating study medication, assessing outcomes, and analyzing data were blinded to group assignment.
Outcomes
The primary end point was change in pain intensity after 3 weeks of study treatment versus baseline pain intensity recorded for 1 week before start of medication. Average and maximum daily pain intensities were recorded using a pain diary based on a visual analogue scale (VAS) where 0 ϭ no pain and 10 ϭ worst pain imaginable. Secondary efficacy parameters were Patients' Global Impression of Change (PGIC) score at the end of the study period 15 and changes in modified Brief Pain Inventory-Short Form (BPI) questionnaire scores. 16 The BPI is a 14-item questionnaire that asks patients to rate pain during the prior week and the degree to which it interferes with daily activities on a 0 to 10 scale. It can be summarized in a pain composite score and an interference composite score. 16, 17 Furthermore, changes in quality of life assessed by the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and tolerability of pregabalin compared with placebo were considered as secondary end points. 18 Changes in as-needed opioid analgesics (daily morphineequivalent doses) and body mass index were collected as exploratory end points.
Procedures
Screening procedures included a detailed patient history to determine pain localization and characteristics. To complement pain characterization, the Pain Detect Questionnaire (PDQ) was conducted. This constitutes a simple screening tool to predict the likelihood of a neuropathic pain component being present in individual patients. 19 Patients' pain medication history was documented in detail, including amount and frequency of any analgesics. Also, a physical examination, including measurement of weight, height, full blood count, urea, electrolytes, liver function tests, and electrocardiography, was performed at the screening visit. Eligible patients completed the BPI and QLQ-C30 questionnaires and were trained in the use of the pain diary. Patients returned for an enrollment visit 1 week after screening. During this visit, pain diaries were reviewed to ensure correct registration of baseline pain scores, information on analgesics was reassessed, and patients were instructed in proper administration and adjustment of the study medication. All patients received their initial dose of study drug and were monitored for 60 minutes for adverse events.
During the study period, patients received increasing doses of either pregabalin or matching placebo. The initial dose was 75 mg pregabalin twice daily. After 3 days, this was increased to 150 mg pregabalin twice daily, with a further increase to 300 mg twice daily after 1 week and for the rest of the study period. An equivalent regimen was followed in the placebo arm. All patients followed the same oral dosing schedule. Daily dosages were split into 2 equivalent doses, one administered in the morning between 7 AM and 10 AM and one in the evening between 7 PM and 10 PM. If unacceptable side effects were experienced by the patient, a single downward dose titration was allowed, with the patient staying on that final dosage for the remaining study period. Telephone interviews were scheduled at 4, 7, 11, 14, and 17 days to assess the presence, severity, and tolerability of adverse events. These were collected based on their occurrence and documented in individual case report forms. After completion of the 3-week study period, patients were seen for a final visit, which included change in measurements as described for screening and the PGIC questionnaire. At the final visit, patients were instructed to taper their study medication by halving their dose for 7 days and then to stop medication.
Patients were told to return surplus study medication. Any discrepancy in the number of pills returned from the expected number of pills to be used was noted in the patient's case report form. Compliance was calculated as this discrepancy divided by the number of pills expected to be used by the individual patient.
Statistical Analysis
The study was powered to detect a difference in average daily pain scores of 25% between groups during the 3 weeks of study treatment. On the basis of an assumed baseline average pain score of 4 and an SD of 30%, we determined that a study with 30 patients per group was needed to provide a power of 90% with the use of a 2-sided significance level of 0.05. Hence, the sample size was set at 64 patients to allow for possible dropouts.
All data were analyzed according to the intention-to-treat principle. Data are presented as means Ϯ SD unless otherwise indicated. Pain diary data were baseline corrected to offset individual differences in baseline pain scores. The retrieved changes were transformed to a relative scale (%) and subjected to analysis of variance with the factors study treatment (pregabalin vs placebo) and study days (days 1-21) and the interaction of these factors. Wald tests were used for post hoc analysis. Changes in tabulated data were given as risk ratios and compared by a 2 test or Fisher exact test as appropriate. To examine the correlation between change in diary pain score and PGIC, we used the Pearson product-moment correlation coefficient. Changes in BPI scores, QLQ-C30 scales or items, as-needed opioid analgesics, body mass index, and compliance were compared by Student t test or Mann-Whitney test as appropriate. The software package Stata/IC version 11.1 (StataCorp LP, College Station, TX) was used for the statistical analyses.
Results
Enrollment, Baseline Characteristics, and Study Treatments
From October 2008 to May 2010, a total of 236 patients were screened and 64 underwent randomization ( Figure 1 ). The study was terminated as planned after randomization of 64 patients. The 2 treatment groups were comparable with respect to demographic characteristics, clinical data, and baseline pain scores (Table 1 ). In the pregabalin group, 20 patients (61%) tolerated a final dose of 600 mg pregabalin; in the placebo group, 26 patients (90%) tolerated the maximal placebo dose (P ϭ .01).
Outcomes
Changes in primary and secondary end points are summarized in Table 2 . For the whole treatment period, an overall difference in change of average pain score between pregabalin-and placebo-treated patients was evident (F ϭ 8.8, P ϭ .003). Post hoc analysis revealed a significant difference in pain reduction after 3 weeks of study treatment (36% vs 24%; mean difference, 12%; 95% confidence interval [CI], 22% to 2%; P ϭ .02) (Figure 2 ). In addition, an overall difference in change of maximal pain scores was seen for the whole treatment period (F ϭ 8.9, P ϭ .003), with a significant difference between groups after 3 weeks (32% vs 22%; mean difference, 10%; 95% CI, 19% to 2%; P ϭ .02). More patients rated their treatment response (PGIC) as much or very much improved in the pregabalin group (44%) compared with the placebo group (21%) (P ϭ .048). The changes in average pain diary scores were correlated with PGIC scores for both the pregabalin group (r ϭ 0.7, P Ͻ .001) and placebo group (r ϭ 0.5, P ϭ .002). No differences between treatments were seen for the BPI composite scores.
Changes in QLQ-C30 subscales and items are summarized in Table 3 . An increase in quality of life of 9.7 points was observed in the pregabalin group compared with a decrease of 1.7 points in the placebo group (P ϭ .12). No differences were seen for any of the other QLQ-C30 subscales or items.
An average reduction in as-needed opioid analgesics of 30 mg was observed in the pregabalin group compared with a reduction of 4 mg in the placebo group (P ϭ .02). The average body mass index increased 0.5 kg/m 2 in the pregabalin group and decreased 0.2 kg/m 2 in the placebo group (P Ͻ .001).
Adverse Events
During the study period, 4 patients (12%) in the pregabalin group and 2 patients (7%) in the placebo group had a serious adverse event (P ϭ .7). Two patients in the placebo group and one patient in the pregabalin group were admitted to the hospital due to worsening of abdominal pain. They were treated with additional opioids as rescue medication to reduce pain. One patient receiving pregabalin had pneumonia during the downward taper medication period after the end of the study, one patient receiving pregabalin injured his shoulder in the swing door at the hospital (screening visit; ie, no study drug administered), and one patient receiving pregabalin experienced worsening of eczema during the trial.
In the pregabalin group, 35% of patients reported a feeling of being drunk compared with 7% in the placebo group (P ϭ .007). Light-headedness was reported by 24% in the pregabalin group compared with 3% in the placebo group (P ϭ .03). Taken together, these significant central nervous system (CNS)-related adverse effects were present in 29% of patients not taking opioids compared with 52% of patients treated with opioid analgesics (P ϭ .4). Patients with CNS-related side effects used on average 146 Ϯ 124 mg of morphine per day compared with 92 Ϯ 139 mg in the group not experiencing CNS-related side effects (P ϭ .23). All other adverse events were comparable between groups. Two patients from the pregabalin group stopped the study medication before the end of the study period due to adverse events (confusion and dizziness), and no other patients withdrew the study. Detailed information on adverse events is given in Table 4 .
Compliance
In the placebo group, 97% Ϯ 5% of all study medication was taken correctly compared with 91% Ϯ 17% in the pregabalin group (P ϭ .4). The number for the pregabalin group envelopes 2 patients with poor compliance (Ͻ50%), of whom one was withdrawn from the study due to side effects (see Adverse Events).
Discussion
Our study shows the efficacy and tolerability of pregabalin as an adjuvant analgesic for the treatment of pain caused by CP. A dosage of pregabalin between 150 and 300 mg twice daily resulted in clinically significant reductions in pain. Entries in daily pain diaries indicated that differences between pregabalin therapy and placebo were apparent 3 weeks after the first medication administration. The majority of adverse events that were reported by patients taking pregabalin, including feeling of being drunk and light-headedness, were mild to moderate in severity. NOTE. Pain diary data were available for 33 patients (97%) in the pregabalin group and 29 patients (97%) in the placebo group; 2 patients in the pregabalin group left the study after 11 days and 18 days; their data were included until then. Patients' global impression of change (PGIC) and brief pain inventory short form (BPI) were available for 29 patients (97%) in the placebo group. In the pregabalin group, PGIC data were available for 32 patients (97%) and BPI data for 31 patients (94%). Changes in pain diary data and BPI scores are reported as mean changes (95% confidence interval). PGIC is reported as numbers (%).
As far as we are aware, there are no published studies to date describing the use of pregabalin for pain in patients with CP. A pain reduction of 36% was seen in the pregabalin group after 3 weeks of study treatment. Several studies have examined the clinical importance of changes in chronic pain as assessed by a VAS, and reductions in chronic pain intensity of more than 30% appear to reflect at least moderately important clinically relevant differences. 15, 20 The clinical importance of the observed pain reduction was further supported by the association with self-reported health status (PGIC). 15 Comparable findings have been reported from randomized controlled trials in diabetic polyneuropathy, postherpetic neuralgia, and central neuropathic pain, where maximal analgesic effects were seen after 2 weeks of treatment. 8, 10, 11, 13 Also, these findings are in agreement with a recently published metaanalysis in which the efficacy and adverse effects of pregabalin were determined for various neuropathic pain disorders. 9 The extensive placebo response (24%) seen in the present study was unexpected. In most pregabalin trials, a placebo response of less than 10% has been reported. 8, 10, 11, 13 A large pain reduction in the group receiving placebo may mask the genuine efficacy of pregabalin. 9 It is most likely that this phenomenon explains the discrepancy between the expected effect of 25% pain reduction between groups and the retrieved effect of 12%.
CNS adverse effects were experienced by a number of patients in the pregabalin group, with an incidence comparable to previous studies of gabapentoids. 9 The adverse effects were mild to moderate in severity and, as seen in the clinic and in previous reports, declined to a tolerable level during the course of the trial for most patients. 9 This was illustrated by the fact that only 2 patients had to stop pregabalin treatment before the end of the study period. Furthermore, two-thirds of patients in the pregabalin group rated their global health score as improved after pregabalin treatment, thus emphasizing beneficial analgesic effects over adverse effects for most patients. Patients should, however, be informed of potential CNS side effects before the start of pregabalin treatment, including a feeling of being drunk and light-headed, dizziness, and drowsiness.
The majority of patients in the current study were treated with opioids, and one-fourth of patients (n ϭ 19) had undergone interventional therapies for CP pain. Despite these aggressive treatment approaches, patients still had severe pain at enrollment. Hence, the study population was at the lower end of the treatment algorithm suggested by the American Gastroenterological Association guidelines and thus comprised a patient group that is very difficult to treat. 1 In light of this, the observed treatment response is considered clinically relevant.
The rationale for the present study was based on the hypothesis that the alterations in peripheral and central pain processing underlying pain in patients with CP resemble those accompanying neuropathic pain. Thus, enhanced neural density and hypertrophy of pancreatic nerves along with up-regulation of pro-nociceptive mediators in the pancreatic gland were previously reported in patients with CP. 7, 21 In addition, widespread or generalized hyperalgesia has been shown in CP pain, along with cortical reorganization and impairments of descending inhibitory control mechanisms, suggesting the presence of aggressive central sensitization in these patients. 4, 6, 22, 23 Taken together, these alterations are similar to those accompanying neuropathic pain and respond poorly to traditional opioid-based approaches. 24, 25 On the contrary, gabapentinoids, such as pregabalin, have been shown to be successful in treating pain associated with such nerve damage and hyperalgesia. 9, 26 As suggested by the current guidelines from the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT recommendations), we used several outcome measures to assess the efficacy of pregabalin. 20, 27 By using a multidimensional test battery, the complex nature of pain can be explored and associations between quantifiable outcomes (such as changes in pain diary scores) can be associated with changes in qualitative outcomes (such as PGIC), and thereby a comprehensive multidimensional impression of the clinical importance of the analgesic efficacy may be obtained. We closely monitored patients using telephone interviews every third day throughout the study period to accurately document side effects and permit dose adjustment in case unacceptable adverse effects were experienced. This approach may explain the good trial adherence, with only 2 patients leaving the study before the end of the trial period due to side effects. There are important limitations to this study. First, the follow-up period of 3 weeks is likely too short to detect changes in functional scales and quality of life. Whether an effect would have been detected on these parameters if the study period was prolonged is unknown, although studies with longer observation periods have reported an improved quality of life in patients with neuropathic pain who were treated with pregabalin. 8, 10, 13 Second, the fact that only half of patients had alcohol abuse as a cause of CP may compromise the external validity of the study. In northern Europe, two-thirds of patients with CP have alcohol abuse as the leading cause of CP. 28 Third, it would have been of great interest to compare the effects of pregabalin between patients with and without previous pancreatic surgery. However, only one-fifth of patients (n ϭ 11) had previous surgery for pain. Therefore, the study is unlikely to be powered for a subanalysis with stratification on previous surgery. Fourth, the PDQ questionnaire was originally developed and validated in somatic pain (patients with lower back pain) and has never been validated for assessment of visceral pain. 19 Consequently, it may be questioned whether the PDQ is valid for documentation of neuropathic pain in patients with CP and future studies are awaited to answer this question. For these reasons, the number of patients with neuropathy documented by the PDQ at baseline should be interpreted with caution. Finally, this study does not assess whether pregabalin is suitable for use as a first-line analgesic for treatment of pain in CP. This important clinical question should be explored in a future head-to-head study comparing pregabalin with standard analgesics such as opioids and/or interventional treatments. Further studies will also be necessary to document whether pregabalin improves quality of life for patients with CP pain.
Our study provides evidence that the adjuvant administration of pregabalin for the treatment of pain in patients with CP is superior to placebo. The side effects reported in the pregabalin group were moderate and in general well tolerated. In conclusion, pregabalin can be used in combination with other analgesics or interventional therapies to obtain better control of the disabling pain in CP.
